Introduction
Several processes in the solid state can lead to a broadening and final disappearance of 35 C1 NQR frequencies far below the melting point. This phenomenon, termed "bleaching out", is observed for many compounds and can be interpreted by 1) the formation of disorder in the crystal structure, as observed for some di-and hexasubstituted halogenobenzenes [1, 2] , 2) reorientational motions, 3) the formation and migration of lattice vacancies [3] ,
The bleaching out process is also observed for 1,2,3-trichlorobenzene, 1,2,3-C1 3 H 3 C 6 , and the mechanism is still under discussion [4, 5, 6] .
The crystal structure of this compound was determined at room temperature by neutron diffraction by Hazell et al. [7] , 1,2,3-C1 3 H 3 C 6 crystallizes with the monoclinic space group Cf h -P2 1 /c. With Z = 8, the asymmetric unit of the cell contains 2 molecules. In Fig. 1 , a projection of the crystal structure (taken from [6] ) along the b axis onto the a, c plane is shown. In agreement with the structure, six 35 C1 NQR signals are observed at T = 77 K. No signals, however, are detectable at room temperature [8, 9] , Based on the observed temperature dependence of the linewidths Av of the 35 C1 NQR and NMR signals and the dielectric constant of 1,2,3-C1 3 H 3 C 6 , Tatsuzaki proposed a reorientational motion of the molecules around an axis normal to the ring plane [4] . Such a motion was concluded from the temperature dependence of the dielectric constant for several hexasubstituted benzene derivatives by White et al. [10] .
Sharma et al. studied the six 35 C1 nuclear quadrupole coupling tensors by single crystal Zeeman split NQR and assigned the v,( 35 Cl) to the corresponding Cl atoms. Measurements of v=/(T) and Av=f(T) show that the 35 C1 NQR signals die out in the range 225 ^ T/K rg 255 [6] , Interestingly the signals of molecule I broaden and die out at lower temperature than those of molecule II. From the temperature dependence of the spin-lattice relaxation time T 1 ( 35 C1), an activation energy E A for the bleaching out process was calculated: E A % 30 kJ mol -1 for molecule I and £ A ~ 35 kJmol" 1 for molecule II. Furthermore, it was observed that the asymmetry parameter ^( 35 C1) of the electric field gradient (EFG) tensor, which is described by
(where <P XX , <P yy and <P ZZ are the principal axes of the EFG tensor), does not depend on temperature. For that reason an order-disorder mechanism, which is static in the time scale of 35 C1 NQR, was proposed [6] .
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Experimental
Preparation and Single Crystal Growth 1,2,3-C1 3 D 3 C 6 , was prepared from 1,2,3-C1 3 H 3 C 6 and D 2 0 in the presence of a catalyst. Acid-catalyzed hydrogen exchange [11, 12] as well as platinum catalyzed hydrogen exchange [13] was applied. 6-8 g trichlorobenzene and 6-8 ml D 2 0/DC1 solution, which was recycled from higher exchange cycles, was filled into a glass ampoule. The sealed tube then was transferred into an autoclave, which was heated for 6-7 days at T = 320 °C. The deuterium content of the product obtained from the first exchange cycles was in the range of 30%-50% (determined by 'H-NMR).
For the following reaction cycles, 10% DC1 solution, which was prepared from 99.75% D 2 0 and 99% DC1, was used. After four exchange cycles, a deuterium content of 80%-90% was obtained. For the last 2-3 cycles, the heterogeneous exchange was applied, using a 5% Pt-coal catalyst [13] . The reaction time was 3 days, T = 180 °C. In this way 30 g of highly deuterated 1,2,3-trichlorobenzene was prepared and subsequently purified by zone melting. The melting point was 53 °C.
Large single crystals (1 cm x 1 cm x 0.5 cm) were grown from a saturated solution of the compound in ethanol by slow cooling the seeded solution from 30 °C down to room temperature. They form colourless prisms with faces {001}, {100}, and {111}. 35 6 were rotated in the magnetic field about three mutually perpendicular axes, and the spectra were analysed according VolkofT and coworkers [14, 15] . The rotation axes were X, Y, Z [ # (a, X) = ß -90°, b\\Y,c || Z]. At 193 K, the crystal was rotated about the X axis. The temperature dependence of the *H spin-lattice relaxation time Tj of polycrystalline 1,2,3-C1 3 H 3 C 6 was determined using the 180°-i-90° method at 4.7 T.
Results

C/ NQR
The temperature dependence of the 35 C1 NQR frequencies of 1,2,3-C1 3 D 3 C 6 is shown in Figure 2 . In Table 1 the coefficients a n of the equation [14, 15] . Application of the Volkoff analysis leads to an uncertainty in the sign of the coefficients C, in the coefficient matrix as pointed out by Hutton and Pedersen [16] . In the case 1,2,3-C1 3 D 3 C 6 one solution leads to »/-values in the range of 0.2 ^ rj fg 0.9. These values are unrealistic and were rejected. The other solution leads to »/-values in the range of 0.06 ^ rj ^ 0.073 (see Table 3 , in which ^( 2 H) and e 2 qQh~l( 2 H) are given for room temperature), which are typical values for 2 H bound to the aromatic ring [17, 18] .
The direction cosines of the principal axes <t> xx , <P yy and <P, Z of the 2 H EFG tensors are given in Table 4 together with the direction cosines of the corresponding C-D bond. It should be noted that in [6] a different orthogonal axes system is used, with the monoclinic angle ß between the c-axis and Z and a || X. Here we use the usual setting because then the orthogonal axes X, y, Z coincide with the rotation axes of the crystal. The orientation of the principal axes with respect to the molecules can be taken from Table 5 . <P XX , <P yy and <P ZZ are handeled as a system of righthanded vectors although <P is a second rank tensor. In this way + signs are avoided. The signs are chosen in such a way, that <P ZZ is parallel to the C-D bond.
In Fig. 8 , the result of the 2 H NMR measurements at low temperature (T = 193 K) is shown. The rotation axis was X [*(a, X) = ß-90°]. The coefficients A x , B x and C x are listed in Table 6 . The temperature dependence of the spin-lattice relaxation time T x of the protons in polycrystalline 1,2,3-C1 3 H 3 C 6 is shown in Figure 9 . Ti ( J H) at room temperature is % 50 s. With decreasing temperature, ( 1 H) increases exponentially. The experiment was finished at T% 220 K because measurements of T t in the order of magnitude of hours are tedious and the 5 values are sufficient to evaluate the activation energy. -ip /deg 
from the plot log zlv=/(l/T), see Fig. 10 , an activation energy £ A for the bleaching out process was calculated. The values are listed in Table 7 , in which the data for the protonated compound are given for comparison, too. Additionally, £ A obtained from temperature dependence measurements of T 1 ( 35 C1) are given,
Within the limits of error, the values are the same for the protonated and the deuterated trichlorobenzene.
For V2( 35 C1) and V3( 35 C1), the activation energies were slightly higher than those obtaind for the other frequencies, 40.1 and 42.3 kJ mol -1 , respectively. These two frequencies are close together (see Fig. 2 ) and additional relaxation processes may occur. Therefore the mean values for £ A from the T1( 35 C1) measurements, given in Table 7 , were calculated neglecting v 2 and v 3 .
Before the bleaching out process sets in, librations are the main contribution to the spin-lattice relaxation time. According to (6), we find exponents n in the range of 2.1 ^ n ^ 2.4, In the case of librational motions this exponent has the theoretical value 2 [19, 20] , With the results of the 35 C1 NQR measurements, the model of formation and migration of lattice vacancies and order-disorder transitions can be excluded. Distortion of the crystal lattice would have a similar influence on the molecules I and II. The NQR results, however, show that the signals of molecules I begin to broaden at lower temperature than those of molecules II. Furthermore, also the protons are involved in the process. For both CI and H the same £ A -values from T x measurements were found. This result is also in disagreement with a lattice vacancies model. An other mechanism therefore must be responsible for the bleaching out.
A possible mechanism is the reorientational motion of the molecules. To get further informations we investigated the temperature dependence of T^H) in 1,2,3-C1 3 H 3 C 6 (see Figure 9) . Evaluation of the data according the BPP (Bloembergen, Purcell, Pound) theory [21] , with the condition co • r c 1,
(T c is the correlation time of the reorientational motion) leads to £ A = 35.1 kJ mol -1 . This value agrees with the results of the 35 C1 NQR measurements (see Table 7 ). Both chlorine and hydrogen are involved in the activated process. For that reason 2 H NMR measurements with deuterated 1,2,3-trichlorobenzene should yield additional information about the bleaching out process.
In contrast to the deuteron nucleus possesses a quadrupole moment, eQ, and therefore the EFG's at Table 3 ). These values are smaller than those for other chlorobenzenes (see Table 8 , in which some data taken from the literature are listed). The results for 1,2,3-C1 3 D 3 C 6 , however, can not directly be compared with the values given in Table 8 (  2 H) for 1,2,3-C1 3 D 3 C 6 at 77 K. Librational motions, which increase with increasing temperature, lead to a decrease of the NQCC at the chlorine site of chlorobenzenes. For aliphatic compounds like CD 2 C1 2 and CDC1 3 , such a temperature dependence for e 2 q Q h ~1 of the deuteron has been observed, too [18] . The same should be valid for e 2 qQh~1 of D bound to the aromatic ring.
From 77 to 250 K, the 35 C1 NQR frequencies change by about 500 kHz (see Figure 2) Table 8 ). The rj values of 1,2,3-C1 3 D 3 C 6 range from 0.060 to 0.073. These are typical values for D bound to the aromatic ring (see Table 8 ). Whereas a non axial EFG at the chlorine site in chlorobenzenes can be explained by the double bond character of the C-Cl bond [27] , this explanation does not hold for D. The deuteron possesses a 1 s-electron. The probability for occupation of the first non-occupied p-orbital is very low since it lies energetically high. Double bonding therefore is not possible. The non-axial EFG's at the deuteron site in deuterobenzenes have to be explained by the asymmetric surroundings of the carbon atom (sp 2 -carbon) to which D is bound.
For the orientation of the principal axes of the EFG's at the deuteron sites in 1,2,3-C1 3 D 3 C 6 it was found that # 2Z ( 2 H) is parallel to the C-D bond, $ ( 2 H) is perpendicular to the benzene ring plane and <P XJC ( 2 H) lies in the ring plane. The deviations from this ideal orientation, which also was observed in anthracene [23] , are small (see Table 5 ).
A typical 2 H NMR spectrum at 295 K is shown in Figure 11 . The satellites are intense and the lines are narrow (see Figure 12 ). Temperature dependence measurements between 193 ^ T/K ^ 295 of the spectrum at constant orientation of the crystal to the magnetic field B 0 revealed that the linewidths of the satellites do not depend on temperature.
To find out whether the orientation of <P z: ( 2 H) with respect to the crystal changes at temperatures below the bleaching out point, rotation of the crystal around X [*(a,X) = ß-90°] at T = 193 K was carried out. The result is shown in Figure 8 . Nearly identical rotation patterns are obtained for 193 K and 295 K (compare Figs. 8 and 5 ). This is also evident from the coefficients A x , B x and C x which describe the curves (see Tables 6 and 2 ). The small differences may be due to temperature dependence of e 2 qQh~1 ( 2 H) discussed above. Single crystal measurements are tedious. For the reason we didn't rotate the crystal at 193 K around two further axes to determine e 2 qQh~1( 2 H) and T/( 2 H) exactly. Those results wouldn't contribute to the interpretation of the bleaching out phenomenon anyway.
The main result we get from the 2 H NMR experiments is an information about the time scale of the reorientation. This motion, which leads to a broadening of the 35 C1 NQR signals of about 300-500 kHz at room temperature (extrapolated from Fig. 10 ), has no measurable influence on the 2 H NMR satellites. The linewidth of the 2 H NMR satellites is about 500 Hz (see Fig. 12 ) and independent of temperature. So the contribution of the reorientational motion to Öv can not exceed 500 Hz. At room temperature values for "static molecules" for the coupling constants, asymmetry parameters and direction cosines of th EFGT's of the 2 H atoms have been obtained. Thus the condition CO Q • T C P 1 is fulfilled, and according to
the correlation time T c for the reorientational motion has to be in the order of milliseconds at room temperature. Since T c is temperature dependent [28] ,
the reorientation rate near the bleaching out temperature should be even much smaller. To illustrate the reorientation mechanism, let us have a look at the crystal structure again. The molecules are arranged in centrosymmetric units, each pair consisting of one sort of molecules I or II (see Figure 13 ). The distance between the benzene ring planes of the molecules forming a pair of dipoles is 352.8 pm and 353.2 pm for molecules I and II, respectively (compare Fig. 14 , in which a projection of a part of the structure onto the a, b plane is shown). Since E A for the process is relatively small, reorientational motion of a pair of dipoles can be assumed. Reorientation of a single molecule of a pair would destroy the anti- This broadening is not an effect of a fluctuating EFG produced by a distorted lattice but is due to a relaxation path caused by reorientational motion. This T 1 mechanism has a dominating influence on the linewidth of the Cl signals [28] . The reorientation rate at room temperature is surprisingly low in comparison to the Tj data of the Cl atoms and is in the order of milliseconds as derived from the 2 H NMR spectra.
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